OBJECTIVES: Studies suggest that the use of semicontinuous suture (SC) technique increases the risk of redo valve surgery after aortic valve replacement (AVR). The objective of this study was to identify 30-day mortality, rate of redo operation and long-term outcomes after AVR using either a semicontinuous suture or interrupted suture (IS) technique.
INTRODUCTION
Surgical aortic valve replacement (AVR) remains the operation of choice to deal with aortic valve pathology [1, 2] . The implanted prosthesis can be inserted using either semicontinuous suture (SC) or interrupted suture (IS) techniques. SC technique has been reported to be quicker with shorter cross-clamp time and bypass time [3] . However, a recent study with a long-term follow-up data showed an increased rate of paravalvular leak and reoperation using SC technique in AVR [4] .
The purpose of this multicentre study is to evaluate the rate of redo AVR, early and long-term mortality using SC technique versus IS technique for AVR.
analysis in addition to those that had active endocarditis, redo valve surgery, stentless valve implantation, concomitant cardiac surgery or who were outside the age range of 50-89 years.
Study groups
A total of 1617 patients underwent isolated AVR using either SC technique (765) or IS technique (852) during the study period. The baseline characteristics are given in Table 1 . Propensity-score matching was employed to match SC and IS patients for age, sex, urgency of surgery, ejection fraction, EuroSCORE and logistic EuroSCORE. One-to-one propensity-score-matching created 411 patients in the SC group and 411 patients in the IS group. We analysed preoperative and intraoperative characteristics of all our patients and evaluated postoperative mortality and rate of redo AVR. Operative mortality was defined as occurring during hospitalization or within 30 days of the operation for discharged patients.
Surgical techniques
In the IS group, an interrupted horizontal mattress 2/0 ethibond (ethicon) suture with or without polytetrafluoroethylene (teflon) buttressing was used to sew the prosthesis sewing ring to the annulus. Fourteen to 18 sutures were used depending on the size of the prosthesis and surgeon performing the procedure.
In the SC group; after excision of the valve and decalcification of the annulus, an appropriately sized prosthesis was used. The sutures were placed between the sewing ring of the prosthesis and the annulus using two to six 2/0 or 3/0 polypropylene sutures. The valve was then parachuted down to annulus and sutures were tied. Between the two centres, eight consultants predominantly used SC technique for their AVRs while another eight consultants predominantly used the IS technique. The surgical experience as a consultant ranged from 4 to 25 years.
In cases of redo valve surgery, some of the consultants changed their suture technique from SC to IS or vice versa. The redo valve surgery cases were excluded from this study.
Follow-up and data handling
Retrospective analysis of data (the patient's demographics, perioperative variables, types of operations and redo surgery) registered prospectively on to the cardiothoracic directorate databases at both hospitals (patient analysis tracking system and patient administration system) was carried out. The mortality status and date of death is updated every 24 h from the Central National Health Service (NHS) Spine at both hospitals. The data were collected prospectively until August 2014. All patients were reviewed at 6 weeks following the original or subsequent surgery which included full history, clinical examination, electrocardiogram and chest radiograph. All patients were followed up by their cardiologist or general practitioner and those with significant prosthetic valve disease were rereferred for redo operations at their regional centres. Follow-up echocardiography was not routinely performed unless clinically indicated and results were not available for every patient to be included in the analysis.
Statistical analysis
Statistical analysis including propensity-score matching of the combined data from both centres was carried out using IBM SPSS Statistics Version 22 (SPSS, Inc., Chicago, IL, USA). Continuous variables are presented as mean ± standard deviation and nominal variables are presented as frequency (%). Fisher's exact test was used to study any differences between the two groups for categorical data. Kaplan-Meier survival analysis was performed to study the trend in the survival of patients who underwent AVR using either suture technique. P-values of <0.05 were considered as statistically significant differences between the groups. Multivariate cox proportional hazard analysis was performed to evaluate suture technique as an independent risk factor for redo AVR.
RESULTS
There were significant preoperative differences (P < 0.001) in the mean EuroSCORE, logistic EuroSCORE and ejection fraction between the two unmatched groups (Table 1) . One-to-one propensity-score matching created 822 patients (SC = 411 and IS = 411). The two propensity-matched groups were similar in their baseline characteristics including ejection fraction, EuroSCOREs and logistic EuroSCOREs (Table 2) . Significantly larger valve ring sizes (23.4 ± 2.1 mm) versus (21.9 ± 2.2 mm) P < 0.001 with shorter cross-clamp time (51.9 ± 15.1 vs 60.9 ± 17.6 min; P < 0.001) and bypass time (71.3 ± 23.0 vs 81.4 ± 37.8 min; P < 0.001) were observed in SC versus IS groups, respectively (Table 3) . There were no statistically significant differences in 30-day mortality (3.9 vs 2.7%; P = 0.328), long-term mortality at 9-year follow-up (14.4 vs 15.3%; log-rank = 0.524) or rate of redo surgery (2.9 vs 1.9%; P = 0.320) between SC and IS groups, respectively (Table 4) . Kaplan-Meier curve with life-table analysis showing no significant differences in overall long-term survival at different time periods following AVR using SC versus IS technique as illustrated in Fig. 1 .
Twenty patients had redo AVR after their initial AVR in the propensity-matched group. Twelve of these patients (2.9%) were in the SC group (mean age 67.4 years; 9 males and 3 females): 4 for late valve degeneration, 2 for regurgitation, 3 for late infection (endocarditis) and 3 for dehiscence. The other 8 patients (1.9%) were in the IS group (mean age 65.8 years; 8 males 0 females): 2 for late valve degeneration, 1 for regurgitation, 4 for late infection (endocarditis) and 1 for dehiscence. The rate of late infection (3 vs 4) and paravalvular leaks (2 vs 1) were low in both SC and IS groups, respectively. The causes for redo AVR are summarized in Table 5 . Figure 2 depicts freedom from reoperation at different time periods between SC and IS groups and demonstrates that there were no statistically significant differences between the two groups (log-rank = 0.320). 
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Multivariate analysis (Table 5) revealed that younger age (P < 0.05; hazard ratio = 0.874), male sex (P < 0.05; hazard ratio = 0.192) and biological vales (P < 0.05; hazard ratio = 0.218) were significant predictors of redo AVR surgery. On the other hand, the suture techniques whether semicontinuous or interrupted were not significant determinants of redo AVR surgery (P = 0.976; hazard ratio = 0.988). 
DISCUSSION
Surgical AVR remains the gold standard treatment of degenerative aortic valve disease [1] . The replacement prosthesis can be inserted using either SC or IS techniques depending on the surgeon's choice. Prosthetic valve endocarditis and paravalvular leaks are rare but serious postoperative complications that can result in increased mortality and rates of redo valve surgery [4, 5] . There is some debate regarding the incidence of paravalvular leak using SC technique in AVR surgery with Englberger et al. [5] reporting a rate of paravalvular leak at 8.5%, Hyelms et al. [6] reporting a rate of 8.8% and Nair et al. [4] reporting a rate of 12%. On the other hand, Laks et al. [7] described paravalvular leak of 2.3% while Qicai et al. [3] reported paravalvular leak at 0% using SC technique.
One of the advantages of SC technique over IS technique is that the use of thrombogenic material ( pledgets or braided material) is not required in performing the procedure. This may reduce the risk of infection and the dreadful consequences of prosthetic valve endocarditis. However, this study shows that both rates of infection and paraprosthetic leaks were in low in SC and IS suture groups which may not provide support for the above argument. There was also no statistically significant difference in the rate of redo valve surgery after either suture technique.
The Framingham study demonstrated that left ventricular hypertrophy (LVH) was a predictor of cardiac failure [8] and thus the persistent transvalvular gradient and lack of LVH regression seen in patient-prosthetic mismatch (PPM) would translate to worst outcomes compared with patients without PPM [9, 10] . Studies show that larger ring size prosthesis results in better haemodynamic performance after AVR [11] with improving effective orifice area index [12] reducing the risk of patient-prosthesis mismatch [13] [14] [15] . Another advantage resulting from larger implanted prostheses is the improved ability to subsequently accommodate valve-in-valve TAVI devices. The lack of difference in mortality between the two groups in this study may suggest that an increase of 2 mm on average valve ring sizes between the two groups may not have had a significant impact on left ventricular mass regression.
The overall results favour SC group with shorter bypass time, cross-clamp time and the use of larger valve ring sizes. We are uncertain as to why larger valve ring sizes with shorter bypass and cross-clamp times were observed in the SC group compared with the IS group. The patient-specific factors were controlled by the propensity-score matching. However, surgeon-specific factors were not specifically controlled in this study although combined data from two centres showed an equal number of consultants with similar length of experiences in cardiac surgery. However, our results do seem to concur with other studies showing the use of larger valve ring sizes with shorter bypass and cross-clamp times in the SC group compared with IS group [3, 16] . Bearing in mind that these studies included smaller number of patients and did not match patients using propensity scoring. One explanation for larger valve ring sizes in the SC technique may be that the prosthesis is seated on the aortic annulus rather than being wedged into it like an everting mattress technique [17] . Also with some degree of enlargement of aortic annulus by the removal of valve and loosening of the contracted annulus, a larger prosthesis valve could be selected.
Evidence suggests higher incidence of paravalvular leak associated with SC technique as discussed above. Redo AVR is a very crude way of measuring the rate of paravalvular leak as there will be patients with haemodynamically significant leaks who may not come to redo surgery. Unfortunately, our patients did not have echocardiograms to evaluate the rates of paravalvular leak between the two groups accurately. Nonetheless, multivariate analysis did not show the suture technique (SC and IS) as significant determinants of redo AVR surgery. Male patients (17 out of 20) who had their AVR surgery at younger age (average age 66 years) using biological implants (17 out of 20) were shown to be at increased risk of redo AVR surgery in this study (Table 6 ). This is self-explanatory as the younger the patients are at having their AVR using biological valves, the more likely they are to return for a redo operation compared with older patients and those with mechanical valves. This is a retrospective, propensity-matched, multicentre study evaluating short-and long-term outcomes post-AVR using SC versus IS techniques. With its limitations taken into account, this study has shown no statistically significant differences in the 30-day, long-term mortality and the need for redo valve surgery between the two suture techniques. Prostheses implanted with the SC technique were larger and implanted quicker.
CONCLUSION
This is the first multicentre, high-volume, propensity-matched study showing that the implantation techniques (semicontinuous versus interrupted) in AVR do not affect the 30-day mortality, long-term mortality and the rate of redo valve surgery. 
